Experimental details
Scheme S1. Schematic diagram of the transesterification reaction between soybean oil and methanol. respectively. Carbon dioxide temperature-programmed desorption (CO 2 -TPD) was performed on a ChemiSorb 2750 instrument (Micromeritics, USA). About 50 mg of sample was put into a quartz "U" tube and pretreated under a helium stream at 350 °C for 1 h (10 °C min −1 , 25 ml min −1 ). The sample was then cooled to room temperature, and a flow of CO 2 gas (25 ml min −1 ) was subsequently introduced into the quartz "U"
tube for 1 h. Then the temperature was raised to 100 °C and the gas flow was changed to the helium gas flow again for 1 h to remove loosely adsorbed carbon dioxide molecules from the catalyst surface. The sample was then heated to 850 °C under helium flow (25 ml min −1 ) to desorb CO 2 , which was detected using an online thermal conductivity detector. The product of the transesterification reaction was analyzed by (internal standard) and a specified volume of methanol were added into the flask.
Then, a certain amount of catalyst was added into the above mixture after it reached
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60 °C. The product was collected with a micro syringe per 10 min and analyzed by the GC-MS. The yield of biodiesel was determined by the following equation:
Yield (%) = actual weight of total FAMEs * 100% / weight of soybean oil (4)
In which the actual weight of total FAMEs (fatty acid monoalkyl esters, main content of biodiesel) was determined by GC-MS.
After each reaction, the catalyst was separated from the reaction mixture with a magnet, washed with cyclohexane, dried under vacuum at room temperature for 4 h and calcined at 400 °C for 1 h before reuse. 
